There are few satisfactory staining methods for fibrin. There are even fewer clear definitions of the material for which these methods are commended.
In sections of tissue the older pathologists recognized three phenomena to which they gave the name fibrin. These were: (a) The networks and more solid masses within blood vessels that formed a large part of the substance of what had been seen with the naked eye as a thrombus; (b) the extravascular networks of somewhat comparable structure associated with acute inflammation and seen in the interstitial tissue, in the arachnoid space, or in pneumonic alveoli; and (c) the more solid and plaque-like masses occurring on serous surfaces. When observations came to be made on the hyaline eosinophilic fibrin-like material found to be present in pathological processes other than simple coagulation and the pyogenic lesions, the names given to it were curiously varied. It is a measure of this vagueness that in tissues from rheumatic disease of the heart the eosinophilic deposit on the epicardial surface was called 'fibrin', a comparable deposit in the superficial layers of the mitral valve was called 'platelets', and the eosinophilic and slightly refractile network of the reticular Aschoff body was called 'fibrinoid'. Within recent years, almost contemporaneously with the falling incidence of acute pyogenic inflammation, there has been an increasing recognition and experience of this fibrin-like material which, with the classical methods for staining fibrin, gives varied degrees of positiveness; typical examples are the intra-alveolar networks in the lungs of subjects with uraemia or cardiac failure, and the deposits of hyaline materials within the walls of blood vessels ('fibrinous vasculosis', Lendrum, 1955 Lendrum, , 1956 as seen in systemic and pulmonary hypertension, in areas of infarction, and in the diseases which for want of more exact knowledge we group under the term 'sensitization'. It is fashionable still to call this material 'fibrinoid' but the new methods for demonstrating fibrin described below all give a sharp, contrasty snining reaction with this material, a finding which encourages us to abjure this melodious but misleading term.
The fact of identical staining reaction on these Our own studies have had a dual character in that evolution of the new staining methods was under way at the same time as a personal study (A.C.L.) on fibrinous vasculosis. In the latter condition it was possible to observe deposits of fibrin unaffected by the complicating lysis that accompanies infective processes, and it seemed reasonable to presume that in the absence of fibrinolytic effect the fibrin survived longer, and thus middle-aged and elderly fibrins were available for study. The time sequence can of course merely be surmised, but if sufficient sections are studied it is possible to see in one group of sections a material staining as fibrin which, on the basis of its morphological characters and its site, especially if the latter should be unusual and consistent from case to case, can be equated with a material, in other sections, which stains as cell-free collagen. The validity of the hypothesis (Lendrum, 1961b ) is strengthened if a similarly situated and structurally identical material can be found showing also an intermediate or mixed affinity for any two dyes that designate on the part of one, fibrin and of the other, pseudo-collagen. This transition is readily available for study in the kidney of diabetics with hypertension, where the process is common and widespread, and seems to be compressed in time and so is frequently present in the whole range of transition even within the narrow bounds of a single section. To allow comparison from case to case, it is of the utmost importance to plan the fixation and processing of the tissues with this study in mind; fortunately our particular fixative and processing techniques also provide excellent general histological preparations, and so, with the warning that tle material is unsuitable for the enzymatic forms iof histochemistry, we give full details in a subsequent section. The possibility of assessing the age of fibrin will be discussed later in this section.
The A slightly older fibrin has been seen as tiny lozenges in the wall of glomerular arterioles in the case of a child who died 16 hours after resection of an aortic coarctation (Lendrum, 1961b); we concluded that this plasmatic vasculosis had been produced by the subjection of the renal vessels to a novel high pressure at the time of the operation and for some unknown time thereafter until shock supervened. These lozenges take a bright red stain with the MSB method, comparable with the red staining of pituitary basophils with the analogous orangefuchsin-green method. With the 44/41 Masson method the intravascular network is red and the lozenges blue; with picro-Mallory V both are red. If we now turn to examples of plasmatic vasculosis in hypertensive diabetic kidneys, we see in arterial and arteriolar walls and in the intercapillary zones of the glomeruli, deposits that with MSB are strongly red, deposits that show a fading red with pale blue 'Kindly supplied to us by the Veterinary School, University of Glasgow.
appearing, deposits that are hyaline, acellular and blue, and finally in the intercapillary deposits (the so-called Kimmelstiel-Wilson glomerulus) the advent of nuclei within the blue mass. From a study of several such cases we believe that these different appearances as listed are in fact a time sequence, and it is probably a confirmation both of this chronometry and of our views on structural change that we find the MSB method giving the red staining of fibrin in material that with picro-Mallory V is now blue, while with what we regard as still older fibrin the 44/41 Masson still stains it as fibrin although all the other methods stain it as collagen. The gradual change in fibrils from a positive reaction for fibrin to a reaction for collagen, without any other visible alteration in the fibrils, has been noted by many workers using the older methods; two at least of our methods are capable of revealing the fibrinous origin of fibrils and material too old to react with the classical methods, but the studies of Crawford and Woolf (1960) with fluorescent antibodies suggest that their method can at even later stages of the metamorphosis still indicate a fibrinous origin for this apparent collagen. We may well ask, At what age must fibrin resign the name? Having, as we hope, expunged the term fibrinoid, we are now in the unhappy position of seeking a name for the material which stains as collagen, at different ages depending on the method used, and yet clearly owes its origin to an age change occurring in fibrin. 'Pseudo-collagen' is possibly reasonable, even though this carries the risk of hearing colleagues discoursing on pseudo-collagen diseases. The further changes in the pseudo-collagen are somewhat beyond the purpose of this review, but although it is clear, for example in the intercapillary masses in the diabetic glomerulus, that the acellular mass of metamorphosed fibrin becomes cellular after the stage of pseudo-collagen, it sometimes happens that calcium is deposited in the mass. This occurs particularly in the small vessels of the lung and possibly more commonly in children, and in cases from other geographical regions, for example, from regions with hard water, as Dr. D. A. Leslie of Sunderland suggested to one of us (A.C.L.); our impression is that the calcification occurs at a stage when the fibrin can still be stained with picro-Mallory and thus could be regarded as middle-aged.
The new methods are modified applications of two established principles. Arising out of Mallory's original and quite unexplained use of phosphotungstic acid in his trichromic method, there has been a proliferation of empirical variations and but small study of the way the phosphotungstic acid contributes to the result. Such work as there was is discussed by Baker (1958) who contributes the fertile A. C. Lendrum, D. S. Fraser, W. Slidders, and R. Henderson remark, ' If an Irish bull be permissible, one may say shortly that phosphomolybdic acid acts as a colourless acid dye (for it scarcely colours the tissues)'. This idea was followed by one of us (W.S.) and use was also made of the fact (Venkataraman, 1952 ) that a water-soluble dye dissolved in alcohol then behaves as if it were of a smaller molecular size. It was found that phosphotungstic acid, which we regard as bettar than phosphomolybdic with human tissue, if dissolved in alcohol now behaved as if it also were of a smaller molecular size and thereby could in a given time enter into more compact structures than the aqueous solution could, for example, into erythrocytes. This brief statement does scant justice to a principle that in its first application produced the orange-fuchsin-green method, a remarkably specific and almost automatic stain for the anterior pituitary (Slidders, 1961b) . To make a stain for fibrin on this principle, we found it profitable to change the first, the molecularly smallest dye, the second or middle-sized dye, and the last and largest (collagen-staining) dye; combining theory and empiricism we reached the method described below as MSB and this we have found to have something of the automatic virtue of the orange-fuchsin-green method. Indeed this has virtually replaced the picroMallory V method (see below) which in the hand of the knowledgeable artist is still of value, but only the really skilled will better the results obtained by a reasonable artisan using the MSB method. The latter method has another advantage in that it stains distinctively somewhat older fibrin than is shown by the picro-Mallory V method.
Another all red, or are all blue, or are blue in the small and red in the larger, and these differences seem to be consistent within a zone; a variation was also seen in Paneth cells in the ileum that suggested an indication of different physiological states. This is the only one of our fibrin methods that gives reasonably good staining of Negri bodies in formalin-fixed cerebellar tissue (dark blue). The focal concentration of Naphthalene Blue Black, particularly in the fibrin in vascular walls, was found to be more specific after pre-treating the section with alcoholic phosphotungstic acid, so we applied an orange dye in alcoholic phosphotungstic as in Slidders' pituitary method, followed this with Naphthalene Blue Black to stain the fibrin, proceeded to aqueous phosphotungstic acid, and finished with a large red dye, one of the direct reds (functionally large dyes that stain cotton directly, that is without the need of a mordant). This orange-blue-direct-red method we originally designated OBDR45 later termed in the laboratory the Obadiah method, although it has an elegance and an effectiveness lacking in the bull described by Tristram Shandy.
The other principle we used was the one exemplified by the phloxin-tartrazine method (Lendrum, 1939 (Lendrum, , 1947 , in which, after staining with a red dye of the fluorescein group, differentiation is carried out by a slightly larger yellow dye dissolved in cellosolve (ethylene glycol mono-ethyl ether). The first improvement on the original phloxin-tartrazine method was the empirically discovered value of replacing tartrazine by Lissamine Flavine.4 While we were using this stain, it was discovered by chance that a treatment of the section for some 24 hours or more by a fat solvent such as xylene, or better trichloro-ethylene, between the phloxin staining and the application of the yellow differentiator-staining solution, slowed down the differentiation accompanied by an increased contrast, i.e., stronger retention of phloxin in fibrin and readier removal of phloxin from the other materials in the section. We Finally, it must be stated that the diagnostic utility of the methods described hereafter depends on obedience to the details of technique. We have no doubt that ambiguous appearances are at their rarest in material that has had the most careful fixation and been processed by the slow dehydration and double-embedding mentioned in the next section. The staining methods are of course at their best on fine sections, but the results even on excellent material can be completely upset if the times are disregarded, because the capability of localizing dyes of different molecular sizes in tissues of different polymolecular texture is a function of time. For example, a larger dye will, given time, work its way into a tight texture and eject meanwhile a smaller dye which in virtue of its smaller size had taken immediate possession of the site; thus whatever method is used for demonstration of fibrin or of granules carelessness will bring confusion. The times we commend were determined by 'a strict and pragmatic people, like the mass of the Scotch', and in relation to tissues prepared as advised.
FIXATION AND THE STAINING OF FIBRIN
The fixation that best demonstrates fibrin is a formalinmercuric chloride combination with prolonged fixation. If the tissue is fresh we immerse it directly in formol-'Kiton Rhodamine B (acid red 52) manufactured by Messrs. Ciba.
'I.C.I. Ltd. 3* corrosive (900 ml. water, 30 g. mercuric chloride, 100 ml. commercial formalin, plus a few millilitres of saturated aqueous acid magenta for identification). If, however, tissue is from a necropsy more than four hours old, fixation is begun in formol-saline and within five hours the tissue is transferred to 5 % aqueous mercuric chloride; the preliminary fixation in formol-saline helps to preserve the erythrocytes (for discussion on this and 'formalin pigment' see Lendrum, 1949) . Tissue originally fixed in formol-corrosive is transferred after 10 to 16 hours to 5 % aqueous mercuric chloride.
The fixation of lung from necropsy demands special precautions if the situation of erythrocytes and exudates is to be maintained and the pulmonary structure is not to be crushed. Slices of lung of maximum thickness 1-25 cm.
(if human) are placed in formol-saline for two hours. The vacuum apparatus we use is the Gallenkamp vacuum oven horizontal model No. 7940; this has a reasonably large floor area to take flat dishes, and the slices of lung are taken of the largest possible area that the dishes permit. A thin sheet of absorbent cotton wool is laid on the slice to prevent the surface drying. Pressure is reduced to 20 mm. and kept so for 10 minutes; it is then released very gently and the exhaustion is repeated two or three times within the two hours. The oven is set at 56°C. as for paraffin embedding.
The formol-saline is now replaced by formol-corrosive and the material is left for 12 to 18 hours (overnight) on the bench. The slices are then cut to give the blocks that will be embedded; these can be half the thickness of the original slice and are trimmed so that the original outer surfaces will be the presenting surface at the microtome. These blocks are then placed in 3 % aqueous mercuric chloride, resting as usual on cotton wool. If the blocks float, they are given vacuum treatment as before, and this is repeated until they stay sunk.
The secondary fixation in aqueous mercuric chloride is adequate for brain and liver in about seven to 10 days, kidney does well with two to three weeks, while heart and lung are the better of some six to eight weeks. A slow dehydration is followed, preferably, by double embedding (Lendrum, 1951) ; this is noticeably valuable on kidney by keeping the glomeruli in shape and flat on the slide, and on lung by keeping erythrocytes within the capillaries.
If tissue is already in paraffin and has been fixed in a chrome-containing fixative, it is possible to obtain some of the necessary de-chroming effect by treating the section for one hour before staining in a sulphurous acid solution prepared by bubbling sulphur dioxide from a syphon7 into 20 % alcohol for five minutes (adapted from Mann, 1902) . If formalin is deposited in the blood, this is removed, as is malarial pigment, by the use of absolute alcohol saturated with picric acid (Barrett, 1944; Lendrum, 1944) ; this needs some three hours, and there is probably some advantage in having 3 0 of mercuric chloride in this solution to improve the fixation.
In most cases a further general improvement in the final result is achieved by subjecting the section to degreasing; it is not possible to say beforehand when this should be done but it is certainly worth a trial in every case, and in some where the fixation had been poor 7British Drug Houses Ltd. 405 group.bmj.com on October 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from A. C. Lendrum, D. S. Fraser, W. Slidders, and R. Henderson the improvement is doubly welcome. Degreasing is most conveniently done immediately after dewaxing the section with xylene; it is then rinsed with Westrosol (commercial trichloroethylene) and left in a closed jar of Westrosol for 48 hours. It is then rinsed with absolute ethanol and either taken to water or treated with the picromercuric alcohol mentioned above; this latter should be done before the dewaxed section meets any water, and in the case of poorly fixed material should be for 24 hours. This is an adaptation of Leach's suggestion (1945) that alcohol fixation at this stage may rectify the failure of ordinary formalin fixation to penetrate fatty barriers. Our own impression is that fixation with mercuric chloride solutions as described above owes much of its value to the solubility of mercuric chloride in fat, and Leach's manoeuvre is neither necessary for nor effective on tissue fixed in this way, as it certainly is on tissue treated merely with formol-saline. After the picromercuric alcohol the section is hydrated, treated with iodine and hypo, and washed to remove the naked-eye evidence of picric staining. 6 Soluble blue (acid blue 22) at 1 % or light green SF (acid green 5) at 2 % is used in 1% aqueous acetic acid. The larger dye direct blue 1"1 may be substituted, especially if a delicate stromal stain is wanted for highpower photography or to help in removing the traces of fuchsin from collagen; this dye works slowly.
7 Butyl phthalate styrene, the polystyrene mountant recommended by Kirkpatrick and Lendrum (1941) in place of their original synthetic mountant D.P.X. (distrene, plasticizer, xylene), has preserved the colour of picro-Mallory sections with no deterioration over 18 years.
Mix 40 ml. dibutyl phthalate and 400 ml. xylene; dissolve in this 120 g. Styron.12 COMMENT The function of this method is not to replace Masson's trichrome as such but to demonstrate fibrin and its relation to other tissues. Although fibrin is the main retainer of the fuchsin, a strong affinity is shown by keratin, certain cytoplastic granules, some serous exudates with a high fat content, and a number of necrotic substances. Morphological distinctions should not be ignored and this obligation does not remove the value of the method, as Attwood (1958) showed in his studies on amniotic embolism. (Slidders, 1961b) . To obtain a good colour contrast between the erythrocytes and the fibrin, the first dye, Martius yellow (acid yellow 24), was chosen on the grounds that it is a pure yellow and a small molecule. The origin of this type of method was the finding (Lendrum, 1939 (Lendrum, , 1947 
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